Cell-surface enzymes are potentially useful markers of membrane changes which occur as a result of cell differentiation, various disease states or artificial perturbations (Stefanovic et al., 1976; Carraway et al., 1976 Carraway et al., , 1979 . A problem with the use of marker enzymes is the lack of information on the properties of these enzymes and their physiological functions. For example, an ectoATPase activity (Trams & Lauter, 1974; DePierre & Karnovsky, 1974a,b; Ronquist & Agren, 1975; Stefanovic et al., 1976) has been described in a number of cell types. Its external location suggests that it is different from previously described ATPases, which are found at the interior surface of plasma membranes and often supply the energy requirement for transport functions. In the human erythrocyte membrane, the best-studied membrane model, there are at least three ATPases (Drickamer, 1975) . The ouabain-sensitive enzyme is involved in Na+ and K+ transport and requires Mg2+. A second enzyme is involved in Ca2+ transport and requires Mg2+ for activity. The third enzyme is designated Mg2+-ATPase, and no function has been ascribed to it. In some more complex cells an ATPase activity has been described which is stimulated by either Mg2+ or Ca2+ (Parkinson & Radde, 1971) . Ehrlich ascites-tumour cells (Ronquist & Agren, 1975) and some neural cells (Stefanovic et al., 1976) hydrolyse exogenously added ATP by such an enzyme. Several previous studies have established the existence of ecto-ATPases which are stimulated by Mg2+ (DePierre & Karnovsky, 1974a,b; Trams & Lauter, 1974) . Whether these activities are also stimulated by Ca2+ has not been reported.
In the present study we have used established criteria (DePierre & Karnovsky, 1974a) The 13762 MAT-A and MAT-C l mammary ascites adenocarcinomas were maintained in Fischer 344-strain female rats. Cells and Zn2+-stabilized membrane envelopes of the cells were obtained as previously described (Carraway et al., 1976 .
Membranes were stored frozen for no longer than 3 days before enzyme studies and were frozen and thawed no more than once, since the ATPase appears somewhat labile. Enzyme assays Ca2+-or Mg2+-activated ATPase was assayed by incubating cells (approx. 106 per assay) or membranes (approx. 50,g of protein) at 37°C for 2-10min in 25 mM-histidine/25 mM-imidazole/ 120 mM-KCI/1 mM-ouabain (pH 8.2) and the appropriate concentration of ATP and Ca2+ or Mg2+ (usually 5mM bivalent cation) in a 0.4 ml assay volume. Both unlabelled ATP and [y-32P]ATP were used as substrates. The reaction was terminated by addition of 0.5 ml of 10% (w/v) trichloroacetic acid. Samples chilled on ice for 10min were centrifuged and samples taken for assay of P1 by the method of Chen et al. (1956) or by scintillation counting after treatment with charcoal to remove nucleotides . Controls containing no enzyme were used to correct for non-enzymic hydrolysis. The same procedure was used in assays with GTP, ADP, glucose 6-phosphate and p-nitrophenyl phosphate as substrate, by using unlabelled compounds and chemical analyses. Ouabain-sensitive ATPase (Shin & Carraway, 1973) , lactate dehydrogenase (Neilands, 1955) and 5'-nucleotidase (Carraway et al., 1976) (Neilands, 1955) .
(2) Treatment of homogenate. Washed intact cells were homogenized in the same manner and samples of the homogenate subsequently treated with 1.OmM-and 5.0mM-diazotized sulphanilic acid. The treated homogenates were assayed for Ca2+_ or Mg2+-ATPase and lactate dehydrogenase.
Results

Cell-surface localization ofA TPase
To evaluate the relationship between the ATPase and other cell-surface properties, two different ascites sublines of the 13762 rat mammary adenocarcinoma, MAT-A and MAT-C 1, were used. As noted previously , these sublines differ markedly in morphology and concanavalin A-receptor mobility. However, no significant differences between the sublines were found in the properties of the ATPase. Similar results were obtained previously for 5'-nucleotidase . The experimental values reported here are averages of duplicate determinations, except as noted, varying less than 15% from the reported value. The major source of variation was in the cell and membrane preparations, resulting in different specific activities. Moreover, each type of experiment has been repeated on the other subline for verification of the result. Therefore the presentation below will simply refer to the cells as 13762 MAT cells without regard to the subline used.
To establish that the ATPase of the 13762 cells is an ecto-enzyme, we have used criteria developed by DePierre & Karnovsky (1974a (Shin & Carraway, 1973) in the presence and absence of ouabain. The ouabaininsensitive ATPase activity represented 60-70% of the total ATPase activity. These results suggest that the enzyme studied in the intact cell is the same as that of the isolated cell-surface membrane and a major contributor to the total ATPase activity of the cells. (5) There are several features which distinguish the activities reported here from the more commonly studied ATPases, such as those of the erythrocyte membrane, sarcoplasmic reticulum or mitochondria. The ecto-ATPase is stimulated independently by Ca2+ or Mg2+ in the absence of the other cation either in the intact cell (Fig. 1 ) or in isolated membranes (Fig. 2) . These membranes are obtained after Zn2+ 'stabilization' as envelopes ('ghosts') derived from the cell surface. Phase-contrast microscopy shows a tear in the envelope through which the nucleus and cytoplasm were extruded. Thus both inner and outer surfaces of the membrane activities are the same enzyme, the purification of ATPase was compared with 5'-nucleotida$e, ,which has been established as an ecto-enzyme in these cells (Carraway et al., 1976) . There is a close correspondence between the purification of the nucleotidase and Mg2+-or Ca2+-ATPase ( hydrolytic activity against externally added GTP under ATPase-assay conditions. Although the Ca2+-stimulated activity exhibits simple kinetics (Km for GTP 3mM), the Mg2+-stimulated GTP hydrolysis shows a biphasic double-reciprocal plot (Km values 3 and 0.4mM), suggesting two different enzymes.
ADP hydrolysis proceeds at about one-fifth the rate of ATP hydrolysis and exhibits complex kinetics. The ATPase activities observed here are not due to non-specific or other phosphatase activities, since the isolated membranes prepared by the Zn2+-stabilization procedure show essentially no hydrolytic activities against glucose 6-phosphate and p-nitrophenyl phosphate. The absence of these enzyme activities is not due to inactivation of the enzymes during membrane preparation (Shin & Caraway, 1973) .
Concanavalin A perturbation of the membrane A TPase
Our previous studies (Carraway et al., 1975) showed that Mg2+-ATPase of partially purified rat mammary plasma membranes was activated by the plant lectin concanavalin A. Similar experiments with MAT cells and plasma membranes showed rather unusual behaviour. At low or intermediate substrate concentrations (up to 2.5 mM-ATP) the enzyme activity was not substantially changed in either cells or membranes. Small degrees of either activation or inhibition (up to about 15%) were observed in different membrane preparations. However, at higher ATP concentrations a definite activation was observed (Table 3 ). The amount of activation and the concentration of ATP necessary to observe activation were variable with different membrane preparations. Since activation by concanavalin A and substrate inhibition appeared to be correlated in different preparations, the kinetics of the enzyme were examined in the presence and absence of concanavalin A. Fig. 4 shows that the ( Fig. 5) is concentration-dependent and exhibits positive co-operativity (Hill coefficient 1.7). In contrast, no activation of the enzyme was observed by treatment of intact cells with concanavalin A at substrate concentrations of 0-5 mM-ATP and concanavalin A concentrations as high as 500,ug/ml.
Discussion
The ATPase described in this study is unique in a number of ways. Its exterior location and lack of response to ouabain, oligomycin and azide distinguish this enzyme from the Na+,K+-and Ca2+-ATPases associated with transport of these ions and from the Mg2+-ATPase present in erythrocytes and other cells. The activities activated by Ca2+ and by Mg2+ show parallel behaviour under essentially all conditions tested. The results are best explained by a single enzyme stimulated by both cations. The response to cations also distinguishes this enzyme from other eukaryotic membrane ATPases and from myosin, which has been postulated to be present at the cell surface (Willingham et al., 1974) . The behaviour toward oligomycin, Ca2+ and Mg2+ appears more similar to some of the bacterial ATPases (Abrams & Smith, 1970) than to the mammalian enzymes. However, many of the bacterial enzymes are also inhibited by azide. The ecto-ATPase represents a major ATPhydrolysing activity of the 13762 cells and of their isolated plasma membranes.
The presence of an ecto-ATPase immediately raises questions as to its function. An obvious answer is that it serves to control the extracellular ATP concentration. It is more difficult to specify exactly what ATP does at the external surface of cells and how it gets there. ATP alters cell volume and ion fluxes (Rorive & Kleinzeller, 1972) , morphology in mast cells (Kruger et al., 1974) , cell adhesion, aggregation and movement in fibroblasts (Jones, 1966; Knight et al., 1966) and insulin stimulation of glucose transport in adipocytes (Chang & Cuatrecasas, 1974) . External ATP also has an effect on p-nitrophenyl phosphate transport which differs in normal and transformed 3T3 cells (Rozengurt & Heppel, 1975) . The basis or bases for these ATP effects are unknown, but they may be related to protein kinase activity at cell surfaces (Mastro & Rozengurt, 1976) . The source of the extracellular ATP is uncertain, but there is evidence that ATP may be translocated from the cytosol to the cell exterior (Trams, 1974) .
The observations on substrate inhibition of the ATPase are intriguing. If substrate inhibition is explained by a two-site model, the fact that substrate inhibition is observed in membranes, but not in cells, may indicate that the second (non-substrate) site is inside the cell. Such an arrangement could permit control of the enzyme activity by the cellular ATP concentration. This control could be over-ridden from outside the cell by factors such as concanavalin A, which interact with carbohydrates at the cell surface. Although the mechanism of action of concanavalin A is not presently clear, it could cause a conformational change in the enzyme which blocked the second ATP site.
Exactly how our results relate to previously described effects of concanavalin A on membrane ATPases (Novogrodsky, 1972; Jarett & Smith, 1974; Luly & Emmelot, 1975; Pommier et al., 1975) is not known. Riordan et al. (1977) have described an activation of a Mg2+-ATPase of liver membranes which does not appear to be related to substrate inhibition and which is sensitive to temperature effects on the membrane. Whether this is an ecto-enzyme and is stimulated by Ca2+ as well as by Mg2+ is unknown. It seems likely that there is more than one mechanism for ATPase stimulation by concanavalin A.
Clearly membrane enzymes as sensitive as ATPases can be altered by a number of membrane perturbants and should be useful in understanding membrane structure-function relationships.
